The molecular weight of a thylakoid membrane polypeptide with the apparent molecular weight 11 000 was determined by measurement of the sedimentation velocity, the diffusion and the ef fective partial specific volume. The molecular weight was found to be 6300 and that of the polypeptide-dodecyl sulphate micelle was found to be 11 200. The frictional ratio was 1.35. In ad dition, we determined the binding of dodecyl sulphate onto the polypeptide by equilibrium dialysis. We found that 1 g polypeptide binds 0.77 g sodium dodecyl sulphate which corresponds to 17 molecules dodecyl sulphate bound per polypeptide chain. In the absence of dodecyl sulphate the polypeptide aggregates. The molecular weights of the aggregates are in 0.01 M sodium phosphate buffer pH 7.2 150 000 and in a 1 :1 mixture of 0.01 M phosphate buffer and 96% ethanol 365 000. The frictional ratios were 1.07 and 1.16 respectively which points at a spherical shape.
In an earlier publication we have reported on the molecular weight determination of a polypeptide fraction in the presence of dodecyl sulphate1. As the polypeptide occurs in solution as polypeptidedodecyl sulphate micelle, we combined determina tions of the sedimentation velocity, the diffusion coefficient and the density with measurements of the dodecyl sulphate binding. The molecular weight was found to be 25 000 and was within the error width identical to the apparent molecular weight obtained by dodecyl sulphate polyacrylamide gel electrophoresis. However, these two methods do not necessarily yield identical results with all poly peptides 2_6. In the present paper we report on the molecular weight and dodecyl sulphate binding of a polypeptide fraction with the apparent molecular weight 11000. This polypeptide is involved in reactions on the oxygen-evolving side of photo system II 7' 8. An antiserum to this polypeptide frac tion inhibits photosynthetic electron transport be tween the sites of electron donation of tetramethyl benzidine and diphenylcarbazide 7.
The binding measurements were carried out by equilibrium dialysis using dodecyl [35S] sulphate. With this method the dialysis equilibrium was reached within 10 hours whereas the literature re- ports on times up to 3 weeks. In the present paper we attempted to clarify the questions arising from this difference.
M aterials and M ethods
Isolation of the p o lyp ep tid e fraction 11 0 0 0 . The starting material was stroma-freed chloroplasts from Antirrhinum m ajus prepared according to Kreutz and Menke9 . The procedure of dissolving these chloroplasts in sodium dodecyl sulphate and mercaptoethanol containing buffers as well as the general isolation of polypeptide fractions has been described in earlier publications 10~12. As the method of isolation of the polypeptide fraction 11 000 differs somewhat in this paper from the earlier procedure we shall briefly describe: Frac tions which after gel filtration of the thylakoid poly peptide mixture on Sepharose 6B (Pharmacia) ex hibited in the analytical dodecyl sulphate polyacryl amide gel electrophoresis the apparent molecular weight 11 000 were pooled and concentrated. In order to remove lipids, 5-times the volume of cold acetone was added. The precipitate was washed several times with acetone and dried. Subsequently, the residue was redissolved with such an amount of 0.01 M sodium phosphate buffer pH 7.2 or 0.1 M Tris/HCl buffer pH 9.2 which contained 2.2% do decyl sulphate and 1% mercaptoethanol as to give a final concentration of 1% protein in the solution. In order to remove aggregates from this solution a further gel filtration with Sepharose CL -6B (Phar macia) was carried out with four in series con nected columns. The total length of the connected columns was 370 cm, the diameter of the columns was 5 cm. The elution buffer was 0.1 M Tris/HCl buffer pH 9.2, containing 0.25% dodecyl sulphate and 0.1% mercaptoethanol. Again, fractions were isolated which exhibited in the dodecyl sulphate polyacrylamide gel electrophoresis the apparent molecular weight 11 000. For the determination of the molecular weight in the ultracentrifuge and for the determination of the dodecyl sulphate binding, these fractions were dialysed against 0.01 M sodium phosphate buffer pH 7.2, which contained 0.25% dodecyl sulphate and 0.1% mercaptoethanol and were subsequently concentrated (Amicon PM 10 membrane).
As the dodecyl sulphate concentration is increased in the sample during the concentration a gel per meation chromatography on Biogel A -0.5 m (Bio-Rad) was carried out in order to bring the do decyl sulphate concentration in the sample down again. In this case the elution buffer was 0.01 M sodium phosphate buffer pH 7.2, containing only 0.25% dodecyl sulphate. Subsequently, the poly peptide preparation was dialyzed for 48 hours against 0.01 M sodium phosphate buffer pH 7.2 which contained 0.25% dodecyl sulphate. An oc casional turbidity was removed by filtration (Sar torius Membrane Filter, pore diameter 0.45 jum) or by centrifugation.
The dodecyl sulphate-free polypeptide prepara tion was prepared from the detergent-containing preparation according to the method of Weber and Kuter 13. The exchange of the solvents was carried out by gelfiltration with Sephadex G-10 (Pharma cia) . The protein concentration was determined ac cording to Lowry et a l . 14, using a standard curve made by dry weight determinations of the purified polypeptide preparation.
D ensities and partial specific volumes were deter mined using a precision densimeter Model DMA 02 (Paar), according to Kratky, Leopold and Stabing e r15. The temperature was maintained constant to 20 +0.01 °C. Calibration was done with water (£ = 0.99823 g/cm3) 16. The results were calculated and corrected for bound detergent by making use of the equivalent of the Svedberg equation for multiple component sys tems as described previously1. For this, measure ments of the sedimentation velocity and the diffusion coefficient were combined with the measurement of the intrinsic density increment The contribution of bound detergent (dD g of deter gent per g of protein) can be accounted for by the relation
where vj> and v-p, are the partial specific volumes of pure protein and detergent. The average molecular weight M* of the protein-dodecyl sulphate micelles is equivalent to A/p(l + <5D) and their partial spe cific volume v* is (vp + dp vjy)/(l + <5d) . Hereby, it is assumed that no significant interactions with buffer ions occur. Values of vp and vp were deter mined from solution density measurements as de scribed earlier1. M easurements of the binding of the dodecyl sul phate onto the polypeptide were made by self-dif fusion equilibrium dialysis as described previous ly 1. Sodium Viscosity determ inations of the solvents were car ried out in a suspended level Ubbelohde viscometer (Schott, Modell I). The temperature was main tained constant at 20 + 0.02 °C. Kinetic energy cor rections were applied. Calibration measurements were carried out with water (rj = 1.002 centipoise) 16 .
The properties of the aqueous solvent mixtures and the rotor speeds are given in Table I .
Results and Discussion
The m olecular weight of the polypeptide fraction
000
The ultracentrifugal measurements in sodium dodecyl sulphate solutions were carried out at 0.25% by weight of dodecyl sulphate above the critical micelle concentration. As the dependence of logarithmus r and of the apparent diffusion coef ficient (Z)app) on time is linear, it appears that no perturbing interactions occur during centrifugation (Figs 1 and 2) . r is the radial distance of the moving boundary from the centre of rotation. Sedi mentation (Sc in s) and diffusion coefficients (D c in cm2/s) were calculated from the initial slopes and the intercepts at zero time (polypeptide con centration of the samples cp = 0.50 mg/cm3) . The sedimentation coefficients and the diffusion coef ficients were plotted against the polypeptide concen trations (Figs 3 and 4) . The graphs are linear. The values 50 = 1.14 x 10-13 s and D 0 = 13.0x10""7 cm2/s were obtained by linear regression analysis from the intercepts. As seen in Fig. 5 , the course of the density (in g/em3) plotted versus the poly peptide concentration is linear at higher concentra- tions but slightly curved at lower concentrations (cp < 0.15 mg/cm3) . The intrinsic density increment [3^/3 cP] = 0 .3 3 2 and the effective partial specific volume of the polypeptide <P0' = 0.668 cm3/g were obtained from the initial slope of the density con centration curve at infinite dilution. Hence, an average molecular weight of M p = 6300 is obtained for the polypeptide in dodecyl sulphate solutions. Because the molecular weight depends on small differences of the effective partial specific volume this value is verified by a second method. Ac cording to Eqn (2), the effective partial specific volume & 0' = Dp -<3d (f^-1 -Üd) is related to the partial specific volume of the polypeptide, to the partial specific volume as well as to the amount of detergent bound to the polypeptide and to the den sity of the solvent. Hence, can be independently calculated. This permits the determination of the buoyant density factor of Eqn (2) as well as the determination of the molecular weight without direct measurement of & 0' and [3^»/3cp]. The par tial specific volume of the polypeptide was found to be 0.779 cm3/g as determined by extrapolation of the slope of the density concentration curve to infinite dilution (Fig. 6 ). In the absence of dodecyl sulphate the polypeptide was dispersed in aqueous 0.01 M phosphate buffer (pH 7.2) at 20 °C. In Fig. 7 the density of solutions of sodium dodecyl sulphate in 0.01 M sodium phosphate buffer (pH 7.2) at 20 °C is plotted as a function of the dodecyl sulphate concentration. The graph shows that the density of sodium dodecyl sulphate undergoes a change in slope at cmc = 1.0 mg/cm3. The partial specific volume above the critical micelle concentra tion is a few per cent higher (üß = 0.855 cm3/g; Table II ) than it is below this concentration (üd = 0.835 cm3/g ) .
From the binding value $D = 0 .77g sodium do decyl sulphate per g polypeptide (Table II) follows &Q = 0.667 cm3/g for the effective partial specific volume and üp = 0.780 cm3/g for the partial specific volume of the polypeptide. These values agree within the error limits with the data obtained by density measurements (Table II) . With the binding value <5d the average molecular weight of the polypeptide-sodium dodecyl sulphate micelles was found to be M* = 11200. For the corresponding partial specific volume v* a value of 0.81 cm3/g was obtained. This value applied to the Svedberg equa tion yields the same molecular weight for the polypeptide-dodecyl sulphate micelles as the calculation from the molecular weight of the polypeptide moiety and the amount of sodium dodecyl sulphate bound to the polypeptide. From the sedimentation and dif fusion coefficients S0 and D 0 the frictional ratio was calculated to be ///0 = 1.35 which points at an asymmetric shape.
After removal of the sodium dodecyl sulphate, the sedimentation velocity, diffusion and density measurements were carried out in 0.01 M sodium phosphate buffer solutions at pH 7. phosphate buffer (pH 7.2) is vp = 0.779 cm3/g (Table II , Fig. 6 ), and the effective partial specific volume of the polypeptide in the alcoholic solution is 0.602 cm3/g. From this data the molecular weights obtained for the polypeptide in the phos phate buffer solution and the polypeptide in the ethanolic solution correspond to 150 000 and 365 000 respectively (Table II) . The frictional ratios were 1.07 and 1.16 which points at spherical shapes.
M easurements of dodecyl sulphate binding
The binding value of sodium dodecyl sulphate as g per g polypeptide was measured by self diffusion equilibrium dialysis using dodecyl [35S] sulphate. As previously described1, the term self diffusion means that in a multiple component sys tem without any concentration difference the dif fusion of a component is followed. time. Fig. 10 shows the time course of the control experiment without polypeptide. As the concentra tions are the same on both sides of the membrane it is obvious that no mass transport occurs. After a dialysis time of about 5 hours the equilibrium was reached, since on both sides of the membrane 50% of the applied radioactivity was recovered which indicates that no adsorption of dodecyl sulphate onto the membrane took place. On the other hand (Fig. 11) , the double plot shows that in the pres ence of the polypeptide more sodium dodecyl [35S] sulphate is in the compartment where the polypeptide is (curve b) than in the compartment without polypeptide (curve a). The steady state values were used for the calculation of the binding values . On the average we find that 1 g of polypeptide binds 0.77 g sodium dodecyl sulphate which corresponds to v = 17 molecules dodecyl sul phate per polypeptide chain. In contrast to this 1 g of polypeptide 25 000 binds 1.15 g dodecyl sul phate which corresponds to 100 molecules of do decyl sulphate.
If the dialysis cell contains on one side of the membrane 0.5% dodecyl sulphate in phosphate buf fer and phosphate buffer without detergent on the other side, the equilibrium is not reached even after 60 hours (Figs 12 and 13 ). This confirms the data reported in the literature21, 24> 25. However, if the same experiment is carried out with a dodecyl sulphate concentration below the critical micelle concentration, the equilibrium is reached within a few hours (unpublished experiments). This shows that the dodecyl sulphate micelles do not permeate through the membrane whereas below the critical micelle concentration diffusion through the mem brane occurs. If the dialysis is started with 0.5% unlabelled dodecyl sulphate in phosphate buffer on one side of the membrane and with phosphate buf fer containing a trace of labelled dodecyl sulphate on the other side, within half an hour the radioactivity reaches on both sides the same value. The time course of the distribution of the radioactivity is depicted in Fig. 12 . Thereafter, apparently radio activity is accumulated on the side with the un labelled dodecyl sulphate. This means that an ex change of radioactive dodecyl sulphate occurs with the unlabelled micelles. After approximately 5 hours the permeation of the bulk dodecyl sulphate through the membrane becomes apparent. From this time onward the curves show the same time course as in Fig. 13 . In this plot the overall distribution of dodecyl sulphate is depicted whereas in the preceeding experiments the distribution of radioactivity was measured. In this case the dodecyl sulphate concentrations on both sides were determined with the methylene blue method. In order to check the consistency of our results, we have determined the apparent diffusion coefficients for all dialysis mea surements 26. From this it appears that the depen dence of the diffusion coefficients of the monomer dodecyl sulphate on the difference of the total dodecyl sulphate concentration in the two dialysis cells is linear (Fig. 14) . The high initial values of the apparent diffusion coefficients of some 10-5 cm2/sec decrease fast in the course of the dialysis to values of a few 10~7 cm2/sec. For the understanding it should be borne in mind that above the critical micelle concentration the monomer concentration is nearly independent on the total dodecyl sulphate contentration (Fig.  14) 27> 28. Therefore, despite large concentration differences the equilibrium is only slowly reached. In addition, our experiments show that the dodecyl sulphate micelles do not permeate through the membrane, whereas the diffusion of monomer do decyl sulphate through the membrane is not ap preciably hindered. Moreover, we conclude from our experiments, that the exchange between mono mer dodecyl sulphate and dodecyl sulphate micelles is slower than the exchange between monomer do decyl sulphate and dodecyl sulphate protein micel les 29.
For binding measurements this means that the dodecyl sulphate concentrations on both sides of the membrane should be nearly the same at the be ginning of the dialysis. Only then the equilibrium is reached within a reasonable time. In this context it should be noted that we have observed that it does not matter whether the experiment is carried out with labelled or unlabelled dodecyl sulphate as also shown in Fig. 14. 
